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Summary

The role of the mast cell-specific gangliosides in the modulation of the endocytic pathway of FceRIl was investigated in
RBL-2H3 cells and in the ganglioside-deficient cell lines, E5 and D1. MAb BC4, which binds to the a subunit of FceRI, was
used in the analysis of receptor internalization. After incubation with BC4-FITC for 30 min, endocytic vesicles in RBL-2H3
and E5 cells were dispersed in the cytoplasm.After | hr, the endocytic vesicles of the RBL-2H3 cells had fused and formed
clusters, whereas in the E5 cells, the fusion was slower. In contrast, in DI cells, the endocytic vesicles were smaller and
remained close to the plasma membrane even after 3 hr of incubation.When incubated with BC4-FITC and subsequently
imunolabeled for markers of various endocytic compartments, a defect in the endocytic pathway in the E5 and D1 cells
became evident. In the DI cells, this defect was observed at the initial steps of endocytosis. Therefore, the ganglioside
derivatives from GD Ib are important in the endocytosis of FceRI in mast cells. Because gangliosides may play a role in mast
cell-related disease processes, they provide an attractive target for drug therapy and diagnosis. (] Histochem Cytochem

59:428-440,2011)
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Gangliosides, complex glycosphingolipids, are ubiquitous
membrane constituents enriched in lipid rafts (Brown and
London 1998; Hakomori 1993; Pike et al. 2002). The bio-
logical role of gangliosides in cellular regulation is well rec-
ognized (Allende and Proia 2002; Fishman 1986; Hannun
and Bell 1989; Igarashi et al. 1989; Oliver et al. 1992). Gan-
gliosides are known to function in cell proliferation, adhe-
sion, migration, apoptosis, and cell-cell and cell-substratum
interactions and to act as receptors for bacterial toxins. They
are also known to regulate cellular differentiation and to serve
as differentiation markers in various cell types (Hakomori
1990; Martini et al. 2002; Wang XQ et al. 2002). In addi-
tion, gangliosides have been shown to have important regu-
latory roles in pathological conditions such as cancer
(Hakomori 1996b), neurological (Sheikh et al. 1999; Sugiura
et al. 2005) and autoimmune disorders (Wang J et al. 2009),

and allergies (Flores-Diaz 2005) and inflammation (Lopez
and Schnaar 2009).

The a-galactosyl derivatives of the ganglioside GD1b
are unique gangliosides present on the surface of rodent
mast cells that are specifically recognized by the monoclo-
nal antibody (mAb) AA4 (Guo et al. 1989). These ganglio-
sides have been identified as components of lipid rafts in
the plasma membrane of RBL-2H3 cells (Sheets et al. 1999;
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Silveira e Souza et al. 2008). When these gangliosides are
bound by mAb AA4, histamine release is inhibited in a
time- and concentration-dependent manner. Furthermore,
previous investigations have shown that the gangliosides
derived from GD1b are essential for maintaining the struc-
ture of lipid rafts as well as for secretory granule release in
RBL-2H3 cells (Holowka et al. 2000; Silveira e Souza et al.
2008). Moreover, binding of mAb AA4 also produces mor-
phological and biochemical changes similar to those seen
with activation of the high-affinity IgE receptor (FceRI)
(Basciano et al. 1986; Oliver et al. 1992; Stephan et al.
1997; Swaim et al. 1994). It has also been shown that these
gangliosides are associated with FceRI (Basciano et al.
1986) and that they play a crucial role in the initial events of
FceRI activation (Silveira e Souza et al. 2008). Previous
results from our laboratory showed that the gangliosides are
endocytosed and traffic with the same kinetics as FceRI
(Oliver et al. 2007).

Receptor-mediated endocytosis, including endocytosis of
FceRI, is a temporally and spatially organized process
(Ceresa and Schmid 2000; Oliver et al. 2007). Following the
binding of a ligand to its receptor, the receptor clusters in
lipid rafts in the plasma membrane. The AP2 adaptor com-
plexes, consisting of four adaptins (Boehm and Bonifacino
2001; Pearse 1975), associate with the receptor and recruit
clathrin to the plasma membrane, leading to the formation of
clathrin-coated vesicles (Bonifacino and Traub 2003), which
are responsible for the initial transport of receptors to primary
endosomes (Marsh and McMahon 1999). After losing their
clathrin coat, the early endosomes express the GTPase Rab5
(Delprato et al. 2004; Rios et al. 2008), syntaxin 1/2
(Bonifacino and Hurley 2008; Carlton et al. 2004; Carlton
et al. 2005; Rojas et al. 2008), EEA1 (Simonsen et al. 1998),
and Rab4 (Van der Sluijs et al. 1991), among others. The
early endosomes have the primary function of sorting inter-
nalized cargo to different cellular compartments (Dunn et al.
1989; Mayor et al. 1993). Endosomal contents may be recy-
cled to the plasma membrane (Dautry-Varsat et al. 1983),
degraded in lysosomes (Herbst et al. 1994; Mellman 1996),
or delivered to the trans-Golgi network (Carlton et al. 2004).
The early endosomes fuse with late endosomes (Gruenberg
and Stenmark 2004) that express Rab7 (Zhang et al. 2009) or
Rab9 (Ganley et al. 2004; Lombardi et al. 1993; Pfeffer 2009;
Riederer et al. 1994). The vesicles expressing Rab7 subse-
quently mature into lysosomes (van Meel and Klumperman
2008), which express CD63 (LAMP-3) (Schmidt et al. 2009),
LAMP-1, and LAMP-2 (Escola et al. 1998; Kuronita et al.
2002).

Although the importance of the gangliosides derived
from GD1b in activation and mediator release in mast cells
is well established, the role of these gangliosides in modu-
lating endocytosis of FceRlI is still not fully understood. The
aim of this study was to evaluate the role of the mast cell—
specific gangliosides derived from GD1b in the endocytosis

of FceRI. RBL-2H3 cells, a rat mast cell line, and two mast
cell lines deficient in gangliosides were used in this study.
When these cells were activated via FceRI, the ganglioside-
deficient cell lines displayed defects in the endocytic pro-
cess. These results indicate that the gangliosides derived
from GD1b are essential for the endocytosis of FceRI.

Materials and Methods
Cell Lines

Mutant RBL-2H3 cells, E5 (B6A4A2III-E5) and DI
(B6A4CIII-D1), were generated by exposure to ethyl
methane sulfonate. They were then subcloned, and the sub-
lines deficient in IgE-mediated degranulation as well as in
the a-galactosyl derivatives of ganglioside GD1b (Guo
et al. 1989) were selected. The E5 and D1 cell lines express
35% and <1%, respectively, of the a-galactosyl derivatives
of ganglioside GD1b when compared to RBL-2H3 cells
(Silveira e Souza et al. 2008). The ES5 cells express 82.9%
and D1 cells express <1% of GM1 in relation to the amount
in RBL-2H3 cells (Silveira e Souza et al. 2010). All cell
lines used in these experiments were grown as monolayers,
as previously described (Barsumian et al. 1981).

Conjugation of mAb BC4

mAb BC4 (kindly provided by Reuben Siraganian, National
Institutes of Health [NIH], National Institute of Dental and
Craniofacial Research [NIDCR], Bethesda, MD), which
binds to the o subunit of FceRI and activates mast cells, was
conjugated to FITC (BC4-FITC) using the FluoReporter
FITC Protein Labeling Kit and to Qdots using a Qdot
Antibody Conjugation Kit according to the manufacturer’s
directions. Both kits were purchased from Invitrogen,
Molecular Probes (Carlsbad, CA). BC4-FITC was used for
fluorescence assays, and BC4-Qdots were evaluated by
fluorescence microscopy before using them for electron
microscopy.

Antibodies

The following primary antibodies were used: BC4-FITC
(15 pg/ml), goat anti-clathrin (10 pg/ml, 15 pg/ml, or
1:200; Santa Cruz Biotechnology, Santa Cruz, CA), mouse
anti-a-adaptin  (1:500; Clone 8, BD Transduction
Laboratories, Franklin Lakes, NJ), rabbit anti-syntaxin2
(SNX2, 1:1000; Haft et al. 1998), mouse anti-Rab5 (1:200;
Clone 15, BD Tranduction Laboratories), rabbit anti-Rab7
(1:200; Santa Cruz), and mAb ADI, which recognizes
CD63 (5 pg/ml or 1:500; kindly provided by Dr. Reuben
Siraganian, NIH, NIDCR, Bethesda, MD). The lower con-
centrations were used for Western blots and the higher
concentrations for immunofluorescence or flow cytometry.
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For Western blots, the following secondary antibodies, pur-
chased from Jackson ImmunoResearch Laboratories (Port
Washington, PA), were used: donkey anti-mouse IgG-—
horseradish peroxidase (HRP), goat anti-rabbit IgG-HRP,
and rabbit anti-goat IgG-HRP (1:20,000). The following
secondary antibodies were used for immunofluorescence:
goat anti-mouse IgG F(ab)' —-Alexa 594, goat anti-rabbit
IgG F(ab)’ ~Alexa 594, and donkey anti-goat IgG F(ab)' —
Alexa 594 (1:300). The following secondary antibodies
were used for fluorescence-activated cell sorting (FACS):
donkey anti-goat IgG—Alexa 488, goat anti-mouse IgG—
Alexa 488, and goat anti-rabbit IgG Alexa 488 (1:300). All
Alexa-conjugated secondary antibodies were purchased
from Invitrogen, Molecular Probes.

Incubation with mAb BC4 Conjugated to FITC

On 13-mm glass coverslips, 3.5 10* cells were plated and
cultured for 16 hr. The cells were then washed rapidly in
PBS, incubated in PBS containing 1% BSA (Sigma-
Aldrich, St Louis, MO) and 5 pg/ml normal goat IgG
(Jackson ImmunoResearch) for 45 min at 37C, and then
incubated with BC4-FITC diluted in PBS + 1% BSA for
5, 15, 30, 60, or 180 min at 37C. After incubation, the cells
were washed in PBS and fixed with 2% formaldehyde
(Electron Microscopy Sciences, Hatfield, PA) for 20 min.
After fixation, the coverslips were rinsed in PBS and
mounted on glass slides with Fluormount G (Electron
Microscopy Sciences) and examined with a Leica SP-2
scanning confocal microscope (Leica Microsystems,
Heidelberg, Germany).

Immunofluorescence

After incubation with BC4-FITC, the cells were immunola-
beled with primary antibodies diluted in PBS + 1% BSA for
1 hr at room temperature. For the immunolabeling of clath-
rin, SNX2, and CD63, the fixed cells were permeabilized
with 0.1% saponin (Sigma-Aldrich) diluted in PBS for
15 min at room temperature. After incubation, the cells
were rinsed thoroughly in PBS and the samples incubated
for 45 min at room temperature with the secondary anti-
body diluted in PBS. All samples were then rinsed in PBS
and coverslips mounted with Fluoromount-G (Electron
Microscopy Sciences) and examined with a Leica SP2 or
SP5 scanning confocal microscope (Leica Microsystems).
Samples incubated without primary antibody served as
controls. All controls were negative.

Transmission Electron Microscopy

Cells were plated at 2 x 10° cells/well in six-well tissue
culture plates, and 48 hr later, BC4-Qdots were added to the
culture medium. The cells were cultured for an additional

15, 30, or 60 min at 37C. Cells were washed in PBS and
fixed in 2% glutaraldehyde (Ladd Research Industries,
Burlington, VT) plus 2% formaldehyde (EM Sciences) in
0.1 M cacodylate buffer (pH 7.4) containing 0.05% CaCl2
for 1 hr at room temperature. Cells were postfixed in 1%
0sO . (EM Sciences) in 0.1 M cacodylate buffer (pH 7.4)
for 2 hr, rinsed in Milli-Q water (Millipore, Billerica, MA),
and dehydrated in a graded series of ethanol. Cells were
removed from the tissue culture plates with propylene
oxide and embedded in EMBED 812 (EM Sciences). Thin
sections were cut with a diamond knife, mounted on copper
grids, and stained for 10 min each in Reynolds’s lead citrate
(Reynolds 1963) and 0.5% aqueous uranyl acetate and
examined with a JEOL 100CX transmission electron
microscope (JEOL, Tokyo, Japan). The distribution of the
Qdots, either associated with the plasma membrane or
internalized in cytoplasmic vesicles, was determined for a
minimum of sections of 25 cells.

SDS-PAGE and Immunoblotting

For immunoblotting of whole-cell lysates, cell monolayers
were washed twice with ice-cold PBS and immediately
lysed with hot sample buffer (125 mM Tris-HCI [pH 6.8],
4% SDS, 10% glycerol, 0.006% bromophenol blue, and
1.8% PB-mercaptoethanol) for 5 min at 70C. The samples
were then sonicated for 10 sec on ice, and protease inhibitor
cocktail (Sigma-Aldrich) was added to a final concentra-
tion of 1% and the proteins separated electrophoretically on
7.5% or 15% gels and transferred to Hybond membranes
(GE-Healthcare Life Sciences, Piscataway, NJ). After
transfer, the membranes were blocked for 1 hr at room
temperature in TBS (0.05 M Tris-HCI, 0.15 M NaCl [pH
7.5], and 0.05% Tween 20) containing 5% BSA. After
blocking, the membranes were incubated for 1 hr at room
temperature with the various antibodies diluted in TBS.
After washing 10 times with TBS, the membranes were
incubated with secondary antibody for 45 min at room tem-
perature. Membranes were then washed in TBS 10 times
and developed using chemiluminescence (ECL-GE
Healthcare). Mean optical density of the blots was deter-
mined using Adobe Photoshop 7.0 (Adobe Systems, San
Jose, CA).

Results

Endocytosis and Trdfficking of FceRI Are
Affected in Mutants Lacking Gangliosides

To determine whether endocytosis and trafficking of FceRI
are influenced by the lack of the gangliosides derived from
GD1b, the three cell lines were incubated for various time
intervals with BC4-FITC (Fig. 1). In the RBL-2H3 cells,
after 30 min, the BC4-FITC was internalized and present in
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30°

RBL-2H3

180°

Figure I. Kinetics of internalization of BC4-FITC.The cell lines were incubated at 37C with BC4-FITC for various times. Internalization
of BC4-FITC occurred more rapidly in the RBL-2H3 cells than in E5 or D1 cells. In the D1 cells, BC4-FITC remained largely associated

with the plasma membrane (arrows).

endocytic vesicles dispersed throughout the cytoplasm. At
this same time point, there was a reduced number of endo-
cytic vesicles in the cytoplasm of E5 cells, whereas in the
D1 cells, the endocytic vesicles were associated with the
plasma membrane. After 60 min of incubation, the endo-
cytic vesicles in the RBL-2H3 cells appeared to be larger
and aggregated. In the E5 cells, at 60 min, the distribution
of the endocytic vesicles was similar to that seen in the
RBL-2H3 cells at 30 min, whereas in the D1 cells, the
endocytic vesicles continued to be localized close to
the plasma membrane. At 180 min of incubation, in the
RBL-2H3 cells, the majority of BC4-FITC was located in
large cytoplasmic vesicles reminiscent of lysosomes. At

this time, the endocytic vesicles in the E5 cells began to
form aggregates, whereas the distribution of the endocytic
vesicles in the D1 cells remained unchanged. These results
indicate that the gangliosides derived from GDIb are
important in the endocytic process.

Mast Cell-Specific Gangliosides Are Involved

in the Initial Steps of Endocytosis

Because the endocytic process appears to be delayed in the
E5 and DI cells, it was of interest to determine at which

point in the endocytic pathway the process was perturbed.
The three cell lines were incubated with BC4-FITC and
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BC4-FITC

RBL-2H3

Clathrin

Merged

Figure 2. Double labeling of BC4-FITC and clathrin. Following incubation for 5 min at 37C with BC4-FITC, the cells were immunostained
for clathrin. In the superimposed images, the BC4-FITC is co-localized with clathrin in endocytic vesicles close to the plasma membrane
in RBL-2H3 and E5 cells (arrows). In the D1 cells, the staining pattern of both the BC4-FITC and clathrin is diffuse, and only a small
number of double-labeled endocytic vesicles are present (arrows). BC4-FITC, green; clathrin, red.

subsequently immunostained for various markers of the
endocytic pathway. After 5 min of incubation, in RBL-2H3
and E5 cells, clathrin, a marker for clathrin-coated vesicles,
co-localized with BC4-FITC in vesicles that were located
close to the plasma membrane (Fig. 2). However, in DI
cells, few clathrin-coated vesicles were seen. When the cell
lines were immunostained for SNX2, a marker of early
endosomes, after 15 min of incubation with BC4-FITC, the
RBL-2H3 cells had a greater degree of co-localization of
BC4-FITC and SNX2 than the E5S and D1 cells (Fig. 3), and
the D1 cells showed less co-localization of BC4-FITC and

SNX2 than the ES cells. The final step in this analysis was
to examine the presence of BC4-FITC in lysosomes. CD63
(LAMP-3), which is an integral membrane protein of secre-
tory granules and lysosomes, was used as a marker. In both
RBL-2H3 and E5 cells, BC4-FITC co-localized with lyso-
somes labeled for CD63 (Fig. 4). However, in D1 cells,
even after 3 hr of incubation, there was less co-localization
of BC4-FITC with lysosomes. Therefore, the endocytic
defect seen in the D1 cells appears to occur at the initial
steps of endocytosis and possibly results from the inability
of D1 cells to form clathrin-coated vesicles.
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Figure 3. Double labeling of BC4-FITC and SNX2. Cells were incubated for |5 min at 37C with BC4-FITC and then immunostained for
SNX2. In the RBL-2H3 cells, BC4-FITC co-localizes with early endosomes labeled with SNX2 (arrows). In contrast, the E5 and D1 cells
show little co-localization of BC4-FITC and SNX2. BC4-FITC, green; SNX2, red.

In Ganglioside-Deficient Cells, FccsRI Remains
Close to the Cell Surface

The endocytic pathway of FceRI was further evaluated by
transmission electron microscopy using BC4-Qdots (Fig. 5). In
the RBL-2H3 cells, after 15 min of incubation, a few BC4-
Qdots could be seen associated with the plasma membrane, but
the majority of the BC4-Qdots had already been internalized.
With time, there was little change in the distribution of the
BC4-Qdots, with most of the BC4-Qdots in cytoplasmic vesi-
cles. In comparison, E5 cells were less efficient in internalizing

the BC4-Qdots. At 15 min, the majority of the BC4-Qdots were
on the cell surface. They were slowly internalized and at 60 min
were distributed both extracellularly and intracellularly. In con-
trast, in the D1 cells, the majority of the BC4-Qdots remained
associated with the cell surface, and by 60 min, the quantity of
BC4-Qdots found in cytoplasmic vesicles was reduced in com-
parison with the RBL-2H3 and E5 cells. The percentage of
BC4-Qdots associated with the cell surface in the various cell
lines as well as those internalized in cytoplasmic vesicles was
then quantified (Fig. 6). In the RBL-2H3 cell at 15 min of incu-
bation, 86.0 + 2.3% of the cell-associated BC4-Qdots were
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RBL-2H3

10 um

Figure 4. Double labeling of BC4-FITC and CDé63. Cells were incubated for various times with BC4-FITC at 37C and subsequently
immunostained for CD63. In RBL-2H3 and E5 cells, BC4-FITC is co-localized with lysosomes at all incubation times (arrows). In contrast,
the D1 cells show less co-localization of BC4-FITC and CDé63 (arrows). Arrowheads indicate original location of insets. Insets are an

additional |1.5%. BC4-FITC, green; CDé63, red; DAPI, blue.

internalized, and only 14.0 £ 1.0% of the BC4-Qdots were seen
associated with the external face of the plasma membrane.
These percentages did not change significantly after this time.
In the ES cells after 15 min, only 22.0 & 1.5% of the BC4-Qdots
had been internalized, and 78.0 + 3.1% remained outside the
cells. The percentage of internalized BC4-Qdots increased with
time until by 60 min, 47 = 2.8% had been internalized. The
internalization of the BC4-Qdots was also reduced in the D1
cells. At 15 min, 27.0 £ 0.56% of the marker had been internal-
ized, and by 60 min, the percent internalized had increased to
only 36.0 + 1.1%.

The Defect in Trafficking Is Not Due to
Differences in the Expression of Proteins
Associated with the Endocytic Pathway

It is possible that the defect in endocytosis is related to the
absence or changes in the expression of one or more of the
proteins associated with the endocytic pathway. Therefore,
the expression of several proteins known to play a role in
endocytosis was examined by immunoblotting (Fig. 7) and
by FACS (data not shown). Both methods gave the same
results. All three cell lines showed similar expression levels
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RBL-2H3 |

Figure 5. Transmission electron microscopy of BC4-Qdots.The cell lines were incubated with BC4-Qdots for 15, 30, or 60 min at 37C.
RBL-2H3 cells rapidly internalized the BC4-Qdots into cytoplasmic vesicles. However, in E5 and D1 cells, the majority of the BC4-Qdots

remained associated with the plasma membrane.

of a-adaptin, clathrin, SNX2, Rab5, and Rab7. However,
CD63 showed a higher level of expression in E5 cells as
compared to RBL-2H3 or D1 cells. The expression of
CD63 was lower in the D1 cells than in the RBL-2H3 or E5
cells. Therefore, the defects in the endocytic pathways seen
in the ganglioside-deficient cells do not seem to be due to
differential expression of these proteins.

Discussion

The present study found that the gangliosides derived from
GD1b are essential for internalization of FceRI in RBL-2H3
cells and that the lack of gangliosides affects the initial
endocytic steps. It is known in RBL-2H3 cells that FceRI is

internalized in clathrin-coated vesicles (Oliver et al. 2007,
Pfeiffer et al. 1985; Seagrave et al. 1991; Stump et al.
1989). In the E5S and DI cell lines, FceRI is also internal-
ized in clathrin-coated vesicles, but the D1 cells form far
fewer coated vesicles. Following receptor activation in
RBL-2H3 cells, FceRI clusters in lipid rafts, from which it
is internalized in coated vesicles (Oliver et al. 2007,
Silveira e Souza et al. 2008). In ganglioside-deficient D1
cells, the receptor remains dispersed on the plasma mem-
brane upon activation, and the lipid rafts continue to be
disorganized (Silveira e Souza et al. 2008). In the present
study, in the D1 cells, clathrin also remained dispersed fol-
lowing FceRI activation. The failure of the receptor to
cluster in lipid rafts may have interfered with the assembly
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Figure 6. Quantification of the internalization of BC4-Qdots.The
cell lines were incubated with BC4-Qdots for 15, 30, or 60 min
at 37C and then processed for transmission electron microscopy.
The percentage of BC4-Qdots associated with the cell surface or
internalized was determined for a minimum of 25 cells at each
data point. Results are expressed as % * SD. Qdots internalized
in cytoplasmic vesicles, ---e---; Qdots associated with the external
plasma membrane, —s—.

of the clathrin coat, thus preventing endocytosis of the
receptor. In addition, the disorganization of the lipid rafts
may have affected the correct binding of the adaptins to the
receptor and/or the recruitment of clathrin by the AP2 com-
plex. However, the clathrin-coated vesicles that ultimately
formed appeared to transit normally, delivering FceRI to
lysosomes. This impaired formation of coated vesicles in
D1 cells does not seem to be specific to the internalization
of FceRI. In preliminary experiments examining the uptake
of Lucifer yellow or concanavalin A by fluorescence
microscopy or horseradish peroxidase by electron micros-
copy, the uptake of the tracers into the D1 cells was also
diminished.

The results show that the mutant cell lines (ES and D1)
have a defect in the endocytosis of the FceRI. Other authors
also have observed that these mutant cells have an impaired
exocytosis as assessed by a decrease in the release of
B-hexosaminidase activity, after FceRI stimulation (Silveira
e Souza et al. 2008). Impaired FceRI-mediated degranula-
tion has also been observed in the parent clone (B6A4C1)
of D1 cells (Field et al. 2000; Hong-Geller et al. 2000). The
a-galactosyl derivatives of GD1b are also important for the
preservation of the structure and organization of RBL-2H3
cells (Silveira e Souza et al. 2010). In this previous study,
the authors observed a relationship between ganglioside
expression and morphology. A significant alteration in mor-
phology was observed only in D1 cells, which express <1%
of gangliosides, and not in E5 cells, which express 35% of
gangliosides.

Gangliosides play an important role in modulating not
only FceRI but also other receptors (Holowka and Baird
2001; Holowka et al. 2000; Rivera et al. 2001; Silveira e
Souza et al. 2008; Wilson et al. 2000). GM3 inhibits signal-
ing through the epidermal growth factor receptor (EGFR)
by preventing dimerization of the receptor and its autophos-
phorylation (Rebbaa et al. 1996). Phosphorylation of the
insulin receptor is also inhibited by the exogenous adminis-
tration of GM3 (Tagami et al. 2002). It is now well estab-
lished that selected glycosphingolipids bind to various
receptors such as thyrotropin (Mullin et al. 1976), vitronec-
tin (Cheresh et al. 1987), insulin (Kabayama et al. 2007),
epidermal growth factor (EGF; Miljan et al. 2002), and
platelet-derived growth factor (PDGF; Bremer et al. 1984).
Other studies have shown that the ganglioside GM1 also
plays a crucial role in modulating excitatory opioid receptor
functions (Crain and Shen 1998, 2004). Molecular interac-
tion between the ganglioside GM1 and 6-type opioid recep-
tors has been suggested as a means of regulation of these
receptors (Wu, Lu, Alfinito, et al. 1997; Wu, Lu, Ledeen,
etal. 1997).

The finding that the ES cells had an increased expression
of CD63 by immunolabeling, Western blot, and FACS anal-
ysis was unexpected. Data obtained by transmission elec-
tron microscopy in this study as well as that obtained by
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Figure 7. Western blots of proteins associated with the endocytic pathway. Lysates of RBL-2H3, E5,and D1 cells were immunoblotted
for a-adaptin, clathrin, SNX2, Rab5, Rab7,and CD63 (A) and the resulting bands quantified (B).The levels of expression of all the proteins
were not significantly different among the three cell lines except for CD63.The expression of CDé3 was higher in the E5 cells when
compared with RBL-2H3 cells (p<0.05) or DI cells (p<0.01). The RBL-2H3 cells expressed more CDé63 than the DI cells (p<0.05). In
A, a representative blot for each protein is shown. In B, the data are expressed as the mean and standard deviation from a minimum of
three separate experiments.

Silveira e Souza et al. (2008) showed that the lysosomes in Because gangliosides are related to many disease pro-
E5 cells are larger than those in RBL-2H3 and D1 cells. cesses (Hakomori 1996a; Yamashita et al. 1999), they pro-
This increased surface area of the lysosomal membrane in ~ vide an attractive target for drug therapy and diagnosis.
ES cells could explain the increased expression of CD63, an Gangliosides play an important role in tumor progression
integral lysosomal membrane protein. and metastasis (Birkle et al. 2003; Deng et al. 2000). For
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instance, because of their high abundance in tumors, as
compared with the corresponding normal tissue, they may
be good targets for cancer immunotherapy (Hakomori
1996a; Livingston et al. 1979). Given the importance of
gangliosides in FceRI signaling and mediator release in
mast cells, they may also be good targets for modulating
mast cells during allergic and inflammatory processes.
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